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ABSTRACT
Wetland delineation is important because federal and 
local government regulations limit permissible uses of 
wetlands. Federal delineation regulations are based upon 
the use of a manual jointly agreed upon by EPA, USACOE, and 
NRCS. The manual provides for classifcation of land as 
either wetland or non-wetland based upon the 3 criteria of 
soil, vegetation, and hydrology. No provision is made for 
gradation between categorical wetland and categorical non­
wetland. Controversy has sometimes developed between 
landowners and environmentalists as to proper wetland 
classification; some delineations have been considered 
arbitrary. The analytical method of wetland appraisal 
provides a means of assigning continuous numerical values to 
each of the 3 criteria, for the purpose of minimizing 
occasion for controversy over categorical distinctions. 
Twenty sites were studied; each site was appraised as 
potential wetland or non-wetland based upon the methodology 
in the federal manual; results were compared with the 
evaluations provided by the analytical system. These 
evaluations suggested that all sites with average relative 
wetness values greater than 30 be considered wetland 
candidates; they call for the following minimum values for 
each of the 3 relevant criteria; soil (30), vegetation (60), 
and hydrology (14).
Vlll
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INTRODUCTION
Wetlands provide many services and commodities to 
humanity. Commodities include wetland-dependent fish, 
shellfish, fur animals, waterfowl, and timber. Services 
include millions of days of recreational fishing and 
hunting, as well as modification of the effects of floods, 
improvement of water quality, and aesthetic and heritage 
values. They contribute to the stability of global levels 
of available nitrogen, atmospheric sulfur, carbon dioxide, 
and methane (Mitsch and Gosselink 1993 p. 507).
With the environmental concerns of the late 1960's 
(Davidson 1992), the US Congress created the 
Environmental Protection Agency (EPA) and enacted the 
Clean Water Act (CWA). There came a series of regulations 
on the part of state and local governments based on public 
policy to preserve, protect, and conserve freshwater 
wetlands and the benefits derived therefrom.
Since the 1980's Federal wetland regulatory agencies 
have used a three-parameter method of wetland 
identification and delineation, involving "positive 
indicators" of vegetation, pertaining to its hydrophytic 
characteristics, soils, pertaining to cumulative effect of 
anaerobic conditions, and hydrology, pertaining to 
contemporary saturation conditions.
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The US Fish and Wildlife Service (FWS) prepared a 
list (Reed 1988) of more than 6000 plant species divided 
into 11 categories according to the relative extent to 
which they occur in wetlands.
The Natural Resources Conservation Service (NRCS) 
prepared a list of hydric soils (SCS 1991). Interagency 
action produced a manual (FICWD 1989)for distinguishing 
wetlands from nonwetlands.
The 1989 manual, developed "with little apparent 
consideration of the ultimate user" (Kusler 1992), became 
subject of considerable controversy (USACOE 1995) , as did 
a proposed revision in 1991 (Kusler 1992), with the 
result that it has, at least temporarily, been replaced by 
an earlier issue (USACOE 1987). On 4 January, 1993 EPA 
and COE (Dennison and Berry 1993) signed an agreement to 
the effect that the 1987 manual would be used by both 
agencies to determine the geographic extent of wetlands 
subject to CWA regulations.
The 1987 manual lists;
a series of 11 possible characteristics any one of 
which is stated to indicate that hydric soils are 
present;
a series of 12 possible characteristics, any one of 
which suggests wetland hydrology, subject to the 
qualification that "Hydrology is often the least 
exact of the parameters, and indicators of wetland 
hydrology are sometimes difficult to find in the 
field. However, it is essential to establish that a 
wetland area is periodically inundated or has 
saturated soils during the growing season."
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(Amplification to the foregoing, including a 
provision as to a 14-day minimum requirement for 
saturation at 30-cm depth, appears in the USACOE 
agreement with NRCS quoted below.)
a series of 3 indicators of hydrophytic vegetation. 
These include classification of existing vegetation 
on the basis of the Reed (1988) list followed, if 
necessary to establish a clear decision, by a check 
for morphological adaptation to wetland of that 
vegetation.
The manual emphasizes (USACOE 1987) "the need to 
verify that all three parameters exist prior to 
identifying and delineating an area as wetland."
The manual defines the growing season as "the portion of 
the year when soil temperatures at 19.7 in (50 cm) below 
the soil surface are higher than biological zero (5 
degrees C)", and acknowledges "some flexibility" in its 
determination.
Pursuant to the requirements of the Food Security Act 
(FSA) of 1985, the USDA, acting through the ASCS (now £arm 
Service Agency), responsible for administering farm 
benefit payments, and the NRCS, responsible for making 
related wetland determinations, require of each applicant 
for such benefits a certification (Form 1026) that the 
applicant will not plant or produce an agricultural 
commodity on any land that is or was a wet area on which 
planting was made possible by draining, filling, leveling, 
or . . . after December 23, 1985.
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Such farmed wetland possibilities (Davidson 1992) 
have become subject of agreement amongst the four key 
regulatory agencies - NRCS, EPA, FWS, and COE - for the 
expressed purpose of improving protection of wetlands and 
making wetland programs more fair and flexible for 
landowners. The agreement (NRCS 1995a) provides for NRCS 
to make wetland determinations on agricultural lands and 
certain contiguous non-agricultural lands and that the 
four agencies will work cooperatively on mapping 
conventions.
The same agreement defines wetland as land that "is 
inundated or saturated by surface or ground water at a
frequency and duration sufficient to support, and under
normal circumstances does support, a prevalence of 
hydrophytic (sic) vegetation typically adapted for life in 
saturated soil conditions." It establishes the hydrology 
criterion as including saturation (for other than sandy 
soils) as taking place when the water table occurs within 
one foot of the surface "for 14 consecutive days or longer 
during the growing season in most years (50% chance or 
more)."
The promulgation of such wetland laws and regulations 
since the 1960's (Tiner 1991) has created the need for
accurate definition of the limits of wetlands throughout
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the US. Definition requires analysis of relevant 
vegetation, hydrology, and soils (USACOE 1987).
Hydrology analysis is most definitive when conducted 
over at least one entire growing season, using underground 
water pressure indicating devices, known as piezometers 
(Hudnall and Wilding (1992). Less definitive indications 
of hydrological history are listed in USACOE (1987 pp. 36- 
41 and C2-C11).
A basic appreciation of soil color examination, 
highly indicative of long-term effects of saturation 
(Dennison and Berry 1993), can be significantly enhanced 
by background set forth by Gambrell and Patrick (1978). 
This includes a review of some 190 references which 
address in detail chemical and microbiological processes 
taking place in the soil and resulting in what are 
known as wetland characteristics. As a result of oxygen 
demand exceeding resupply in flooded soils and sediments, 
deep reduced horizons are found in these systems. 
Specifically, the authors described the sequence in which 
soil constituents, including iron and manganese, are 
affected by gradual loss of oxygen resulting from rising 
water levels in the soil. As a result of plant and 
microbe demand for oxygen, and its limited supply in 
flooded soils, nitrates are reduced following depletion of 
free oxygen. Then manganic manganese reduction is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
followed by that of ferric iron, resulting in soil color 
changes which in turn reflect varying degrees of wetness.
Vepraskas (1992) pointed out that “reduction" is 
considered to require the reduction of Fe rather than 
simply the depletion of oxygen, and that any method that 
indicates the presence of reduced Fe (Fell) is considered 
suitable for assessing reduction. Vepraskas (Ibid.) 
continued:
Redoximorphic features . . . are those formed by 
the reduction and oxidation of Fe and Mn compounds in 
seasonally saturated soils. . . . The red, brown, 
yellow, and orange colors occur when Fe is in its 
oxidized state, and black colors occur when Mn is in 
its oxidized state, and these colors change to gray 
when these elements are reduced in a soil.
Alphanumeric values can be assigned to these colors
by means of the Munsell (1995) color-order system of
specifying colors precisely and showing the relationship
among colors based upon their characteristics of hue,
value, and chroma. For example, a color designation of 10
YR 5/1 (Munsell 1992) applies to the specific color of
hue lOYR, value 5, and chroma 1. NRCS (1995b and 1996)
uses such designations to distinguish between hydric
(reduced) soils and non-hydric soils.
Evans and Franzmeier (1988) devised a system of
assigning simple continuous numerical values (color
indices) to soils on the basis of the Munsell designation
of chroma. For example, the soil 10 YR 5/1 above would be
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assigned a chroma index of 1. The authors included a 
method for arriving at index values for individual 
horizons having color irregularities (mottles and /or 
argillans) and for weighting a number of individual 
horizons so as to result in a single color index value for 
a single site. For example, they weighted the color of 
mottled areas in proportion to their percentage abundance, 
and the colors of argillans in proportion to their degree 
of continuity.
Efforts have been made to help landowners become 
better informed as to wetland classification; these have 
summarized technical jargon and regulatory practices from 
the standpoint of individual cognizant government agencies 
(Davidson 1992, DEQ 1996, EPA 1993). The COE makes 
available upon request and invites comments upon 
applications for permits pursuant to Section 404 of the 
Clean Water Act (33 USC 1344).
Constructive as are these individual efforts, there 
has yet to appear concise information directed to the 
individual Tree Farmer to introduce him to the subject of 
wetland regulations. It is such information, including a 
concrete example of how I, another Tree Farmer, went about 
a project of wetland identification, that I wish to 
supply.
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Accordingly, the objective of the research presented 
in this dissertation is:
1. To demonstrate a gradable classification system for 
analysing wetness characteristics of forestland that will 
provide greater insight into actual conditions than is 
provided by the official categorical system; and
2. To demonstrate in simple terms the application of such 
a gradable system on an operating tree farm so that others 
can make their own approximation of the relative wetland 
classification of their own property for the purpose not 
only of assisting their silviculture work, but also of 
orienting themselves with respect to possible wetland 
classification by regulatory agencies.
8
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REVIEW OF LITERATURE 
DEC (1980) listed nine specific wetland benefits:
1. Wetlands may slow water runoff and temporarily store 
water, thus helping to protect downstream areas from 
flooding with consequent damage to natural ecosystems as 
well as to man-made structures. Public health and private 
property in one part of a watershed may be harmed if 
wetlands are destroyed in a different part of that 
watershed.
2. Wetlands are of unparalled value as wildlife habitat, 
and the perpetuation of scores of species depends upon 
them. Many of the species are migratory and must have 
nesting, migration, and wintering habitat. The destruction 
of one kind of wetland habitat in one place may reduce 
populations of wildlife elsewhere. Where specific wetlands 
support endangered species, destruction of those wetlands 
may threaten the presence of the endangered species for all 
time.
3. Wetlands themselves are a source of surface water and 
may, under appropriate hydrological conditions, serve to 
recharge groundwater and aquifers and to maintain surface 
water flow.
4. Many wetlands serve as chemical and biological 
oxidation basins that help cleanse water that flows through 
them. They can serve as sedimentation areas and filtering
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
basins to collect silt and organic matter, protecting 
channels and harbors and enhancing water quality.
5. Wetlands provide the spawning and nursery grounds for 
several species of fish. The availability of fish in lakes 
and streams may be adversely affected by the loss of 
adjacent wetlands. Food and organic detritus supplied by 
wetlands support the fish and wildlife of adjacent waters.
7. Wetlands provide important hunting, fishing, boating, 
hiking, birdwatching, photography, camping, and other 
recreational opportunities. In addition, wetlands may be 
critical to recreation beyond their own borders because of 
their ability to protect water quality and to protect and 
produce wildlife and fish.
8. Wetlands provide visual variety in many different 
settings. Especially in urban areas, wetland open space 
contributes to social well-being by providing relief from 
intense development and a sense of connection with the 
natural world.
9. Because of the high biological productivity and the 
diversity of plant and animal species they can support, 
wetlands can be of broad social benefit in providing 
outdoor laboratories and living classrooms for studying and 
appreciating natural history, ecology, and biology. Many 
of the lessons learned and principles evolved through study 
of wetlands are applicable to other environmental issues.
Niering (1985) examined such benefits in some detail.
10
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For example, with respect to the cleansing capability of 
wetlands, he mentioned a sedge marsh near Clermont,
Florida, that has effectively taken care of the waste water 
from the local treatment plant, and that near Philadelphia 
the level of nitrogen and phosphorus in waste water was 
reduced by 50 to 60 percent after it flowed across a 500- 
acre freshwater tidal marsh. He suggested that home septic 
systems are no doubt receiving unsuspected help from 
adjacent wetlands.
Davidson (1992) reported that when Congress enacted 
the Clean Water Act giving authority to EPA to curb water 
pollution, it directed the US Army Corps of Engineers (COE) 
to be responsible for permits under this law, with federal 
authority for such legislation dating back to the US 
Supreme Court 1824 decision in the case of Smith vs. Ogden 
(Smith 1980) .
Wetland protection laws passed in several states in 
the 1960's and 1970's (Tiner 1993) contained lists of plant 
species that characterized or exemplified wetlands. For 
example, wetland delineation in the states of Connecticut, 
Massachusetts, New Jersey, New York, and Rhode Island 
focused on using plant species as wetland indicators. The 
applicable New York law (DEC 1992) defines “freshwater 
wetlands" as those which contain specified types of aquatic 
or semi-aquatic vegetation, including listed species of 
wetland trees, such as willows (Salix spp.), wetland
11
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shrubs, such as alder (Alnus spp.) emergent vegetation, 
such as cattails (Typha spp.), rooted, floating leaved 
vegetation, such as water-lily (Nymphaea odorata), and wet 
meadow vegetation, such as sedges (Carex spp.).
A number of manuals are available to assist in the 
vegetation identification required for analysis in keeping 
with the foregoing laws and the Reed (1988) system.
Radford et al. (1968) provided a well illustrated volume 
appropriate to southeastern US. The three-volume set of 
Britton and Brown (1970), applicable to the northeast, has 
even more illustrations. The McVaugh (1958) manual, 
lacking illustrations, focuses on the geographical area 
where my research is conducted. Cox (1985), directed 
toward all of New York state, and limited in scope of 
species, grouped species by habitat. Peterson and McKenney 
(1968) grouped species by color. Stokes (1976) 
concentrated on vegetation after leaf-fall. The Symonds 
(1958) tree illustrations are comprehensive, as are those 
in his 1968 work with respect to shrubs. Cobb (1963), 
substantially to complete the coverage of many genera 
included in the Reed (1988) classification, covered the 
subject of ferns.
Tiner (1991) observed that if plant species are used 
as the sole criterion in a wetland/upland transitional 
area, distinguishing wetlands from other communities can 
become somewhat arbitrary, but that when hydrology also is
12
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considered the problem can be simplified. Michener (1983) 
devised a site index number series for wetland vegetation, 
relating this to frequency in which species were observed 
in various habitats. Allen et al. (1989) studied soil- 
vegetation correlation in Rhode Island red maple swamps; 
Veneman and Tiner (1990) made a similar study in the 
Connecticut River floodplain of western Massachusetts.
The 1987 manual (USACOE 1987) uses species dominance 
as the basis for calculation of vegetation indicator 
values. Wilhelm (1991) mentioned species prevalence as an 
alternative. Zimmerman et al. (1993) compared the two 
indicators without a definitive conclusion.
The wetland regulatory program was deemed by many 
(Baker 1992) as out of control, being too broad, 
encompassing too much land that failed to exhibit any 
wetland characteristics, and posing serious threats to 
property rights across the country. Under the heading 
"Citizens seething". Baker cited more than 20 "horror 
stories" from Alaska to California to Pennsylvania to 
Louisiana where innocent people had lost their land without 
sufficient compensation or otherwise suffered because of 
the vagueness and inconsistency of wetland laws.
There are other examples suggesting that many 
landowners are not completely informed as to what they may 
or may not do with their property. Because of apparent 
misinformation, a Missouri farmer has been threatened with
13
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the loss of one-third of his property (Brooks 1991). More 
than 100 acres in Livingston Parish, Louisiana, have been 
subject to classification and then reclassification 
(Louisiana Soils Workshop 1994). A New York appeal, 
calling for re-surveying and evaluation, sought reversal of 
a non-wetland classification (Gazette-Advertiser 1994) .
Case (1993) reported that the COE had launched an 
“enforcement initiative" as a result of which violators 
were prosecuted and subjected to high fines and jail terms. 
Engineers and consultants advising developers were subject 
to penalties for not properly advising their clients.
Bourland and Stroup (1996) report that Aldo Leopold, 
on his journey toward his land ethic, constantly struggled 
with economic use versus health. It is apparent that the 
struggle continues to this day.
14
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MATERIALS AND METHODS
In preparation for this research I undertook a 
program to acquaint myself with practical means of 
estimating values of the three criteria, namely soil, 
vegetation, and hydrology, agreed upon by the cognizant 
federal authorities. I selected respectively soil color 
(Evans and Franzmeier 1988), vegetation prevalence in 
wetland habitat (Reed 1988), and time duration for 
various water levels (NRCS 1995a).
I purchased a soil color chart (Munsell 1992) and. 
with the guidance of Dr. Wayne H. Hudnall and then 
graduate student (now Ph. D.) William B. Patterson of 
LSU’s Agronomy Department I practiced in the soil 
taxonomy laboratory, in the Louisiana bottomlands, and at 
Burden Plantation with the help also of NRCS. As a check 
upon my findings in the field I carried soil samples from 
my experimental area to the nearest NRCS soil scientist 
(Dr. Mark Silverman in Ballston Spa, New York) who 
checked my observations and for the same purpose and with 
similar results I arranged a field visit with the 
Dutchess County Soil and Water Conservation District Soil 
Conservationist.
Similarly, and in addition to field observations 
together with Dr. Robert H. Chabreck of LSU's FWF, I 
studied with Dr. Lowell Urbatsch of LSU's Plant Biology
15
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Department, and arranged a series of mutual 
identification sessions for plant specimens which I 
brought from my experimental area. I followed the same 
practice in cooperation with the Institute of Ecological 
Studies of the New York Botanical Garden located in 
nearby Millbrook, New York.
Again with the guidance of Dr. Hudnall, I 
participated in then Graduate Student Patterson's 
dissertation research including making of piezometers in 
the laboratory and installing and reading them in the 
Missisippi and Red River bottomlands, all in keeping with 
the method directed by Hudnall and Wilding (1992).
Description of Study Area 
The study was conducted on the Oriole Hill Tree Farm 
which is located in northwestern Dutchess County in the 
Hudson Valley of New York, midway between New York City 
and Albany (Figure 1). Hudson Valley (SOS 1955) lies 
between the western highlands of New England and the 
eastern highlands of New York. Average summer and winter 
temperatures are plus 22 and minus 2.5 C, respectively. 
The length of the growing season is from 150 to 167 days.
Average annual precipitation, 1951-1980 (lES 1997), 
was 40.60 in (103 cm), and from January through October, 
33.66 in (85.5 cm).
16
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Figure 1. Location of Oriole Hill Tree Farm
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The tree farm is in the northern hardwood forest 
region (Cowardin et al. 1979) and is 8 km east of the 
Hudson River, which in this area is at tidewater level.
The area of the tree farm dedicated to these studies is 
located in the SE sector of the property at the junction 
of Oriole Mills Road and Pell's Road and lies on both 
sides of the line marking the boundary between the towns 
of Red Hook and Rhinebeck, and is shown in the National 
Wetlands Inventory map (USFWS 1989).
The highest point is approximately 130 m above mean 
sea level (USGS 1991); the lowest is approximately 90 m. 
Prevailing slope is northwest to southeast (Figure 2) to a 
seasonal stream flowing southwest to northeast. The 
terrain on the southeast side of the stream ascends to the 
southeast; the result is a swamp (cross-hatched in Figure 
2) extending along the stream some 800 m at an average 
width of about 40 m. Another swamp, smaller and normally 
without flowing water, is located just south of Oriole 
Mills Road near its junction with Pell's Road. Hydric 
soil has formed in these swamps (SCS 1993); the soil is 
classified as Sun silt loam (0 to 3 percent slope), 
coarse-loamy, mixed, nonacid, mesic. Aerie Epiaquepts (SCS 
1991) - poorly drained and very poorly drained loamy soils 
formed in till. Permeability is moderate in the surface
18
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Dutchess County, New York
layer and slow or very slow in the subsoil and substratum. 
Seasonal high water table is at +30 to +15 cm from 
November to April (SCS 1993). In addition to these two 
well defined swamps, there are three smaller low lying 
areas subject to intermittent flooding, as well as a 
symmetrical depression ("kettle") designated "4" in 
Figure 2.
The higher terrain is characterized by a ridge 
extending generally from SW to NE (Figure 2) above the 
large swamp. This soil is designated (SCS 1993) Dutchess- 
Cardigan complex, rolling and rocky, comprising about 40 % 
Dutchess, 30 % Cardigan and 30 % other soils and rock 
outcrop, with folded rock outcrop covering 0.1 to 2 % of 
the surface. Both Dutchess and Cardigan are described as 
well drained and loamy, formed in till and of moderate 
permeability. The former is considered very deep, and the 
latter moderately deep (20 to 40 inches) with the till 
underlain by folded shale bedrock.
I studied and compared 20 sites representing a 
variety of topographic characteristics (Figure 2). I laid 
out the first ten in an arc starting at the small swamp 
near Oriole Mills Road, thence along and beyond the stream 
until it reached nearly to the highway, and then back 
toward the starting point. Then I proceeded along the 
ridge SW to NE with the second ten sites.
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These twenty sites include:
Site 1, at the southeasterly edge of the red maple 
swamp lying along the south side of Oriole Mills Road at 
its junction with Pell's Road, designated under the 
Cowardin (1979) system as PFOIE (palustrine, deciduous 
forested, seasonally flooded)(USFWS 1989).
Nine piezometers, in rows of 3 each so as to form a 
rectangle approximately 2.5 x 2.5 m., were installed 3 
each to depths of 25, 50, and 100 cm, at the southeasterly 
edge of the red maple swamp, 3 m in from the bottom of the 
bank which bounds this side of the swamp. So as to stay 
within that boundary, I used a 15 x 18 m rectangular tree- 
plot (in place of the COE circular plot) with its long 
side along the bottom of the bank and centered opposite 
the center of the piezometer layout. The other plot 
centers are located together, 0.5 m into the swamp from 
the piezometer center.
Site 2, in the large red maple swamp, 5 m NW of the 
low NW bank of the seasonal stream at approximately 100 m 
below the stonewall where the stream flows into the 
property. This area, which includes further downstream 
lowland sites 3, 5, 6, and 9, carries the same Cowardin 
(1979) designation and the same SCS (1993) soil 
designation as does the Site 1 area. Nine piezometers are 
installed as in Site l. Level terrain permitted the use
21
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of all circular plots, cocentered 2 m NE of the center of 
the piezometer layout.
Site 3, on the low NW bank of the same seasonal 
stream as it emerges from the large red maple swamp. One 
piezometer each is installed to a depth of 25, 50, and 100 
cm at horizontal intervals of approximately one m in a 
straight line essentially one m from the near bank of the 
stream. The tree-plot is a 15 x 18 m rectangle with its 
long side, centered at the center of the piezometer line, 
parallel with the stream and the short side extending NW. 
The other plots are concentric, one m W of the SW 
piezometer.
Site 4, on the westerly edge of the 20 m diameter,
3-m deep kettle which is formed on the escarpment some 30 
m north of and 10 m above Site 3. In common with Sites 5 
- 10, three piezometers are installed as in Site 3. 
Vegetation plots are concentered 1 m west of the center of 
the piezometer lineup.
Site 5, adjacent the low westerly bank of the stream 
opposite its confluence with a highly seasonal stream from 
the ESE. Three piezometers are arranged as in Site 3 and 
the vegetation plots also are similarly arranged.
Site 6, directly across the stream from Site 5, and 
with piezometers and vegetation plots similarly arranged.
22
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site 1, at the N edge of the vernal pool in the 
south-southeast corner of the property. Piezometers and 
vegetation plots are arranged as in Site 4.
Site 8, in the red maple swamp near the northeast 
corner of the property approximately 70 m south of Oriole 
Mills Road. There are 3 piezometers in line; vegetation 
plots are arranged as in Site 2.
Site 9, on the E bank of the stream approximately 50 
m upstream of the culvert through which it flows under 
Oriole Mills Road. Piezometers and vegetation plots are 
located as in Site 6.
Site 10, in the highly seasonal vernal pool 
immediately south of Oriole Mills Road, across the highway 
from the smaller of the two excavated ponds, approximately 
midway between the west and the northeast boundaries of 
the property. Piezometers, 3 in number, are otherwise 
arranged as in Site 2, as are also the vegetation plots.
Site 11, on the bench near the SW crown of the ridge 
between Sites 1 and 2.
Site 12, near the SW end of that ridge.
Site 13, near the NE end of that ridge, beyond Site
12 from Site 11.
Site 14, in the depression which appears to have been
the NE extreme of the red maple swamp containing Site 1,
from which it is now separated by a causeway.
23
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site 15, on the southerly slope of the ridge between 
Sites 14 and 10.
Site 16, on the opposite slope of that ridge, almost 
due north of Site 15.
Site 17, near the top of the north slope of the 
saddle below the east end of that ridge, directly 
overlooking Site 10 to the north.
Sites 18 - 20 northward from Site 17, down the saddle 
toward Site 10, spaced at approximately 20 m intervals.
Characteristics of each of the 20 sites were 
determined based on the three COE criteria, soil, 
vegetation, and hydrology (USACOE 1987). Soil and 
vegetation analyses follow the USACOE (1987) procedure; 
alternate methodology was employed for hydrological 
analysis.
Soil Color Measurements 
For describing the soil characteristics I used a 
modification of the Evans and Franzmeier (1988) method. I 
collected samples to 30 cm to correspond with the NRCS 
(1995a) depth, and observed Munsell chroma characteristics 
for each horizon with all “N" (gley) colors equated to 
zero as was done by Evans and Franzmeier (1988). Horizons 
of uniform color were weighted on the basis of their 
respective thicknesses. Mottles were weighted as 
suggested by Evans and Franzmeier (1988), that is:
24
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few (0-2%) 0.01;
common (2-20%) 0.11; and
many (>20%) 0.35.
Then, as did these authors, because the higher chroma
numbers correspond to brighter (dryer) soils, I inverted 
the results so that higher numbers corresponded to greater 
degrees of wetness and resulted in an ascending “soil- 
color index value” for all sites, from relatively dry to 
wet.
Vegetation Measurements 
For the vegetation criterion I took observations on 
the basis essentially of the system set forth by USACOE 
(1987), that is, separately for each of the 3 levels 
including tree, sapling/shrub, and herb. I used a 9-m 
radius circular plot for trees where the terrain was 
appropriate; otherwise I used an equivalent rectangular 
plot. I used 3 m for saplings and shrubs and a 0.5-m 
radius for herbs. No climbing vines were present in any 
of my plots. In each case I observed species; for trees 
(higher than 1 m and DBH more than 7.5 cm) I observed DBH 
and calculated basal area. As did the manual (USACOE 
1987), I estimated for saplings and shrubs over 30 cm in 
height, their height, totalled each species by number of 
such stems multiplied by the midpoint of their height
25
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range in 60 cm increments up to 3 m, and thence used a 
midpoint value of 3.66. For herbs I estimated percent of
plot area covered by each species; the total often 
exceeded 100 because of overlap of the various heights.
I assigned to each vegetation species an "indicator 
value", corresponding to the wetland classification 
explained by Reed (1988) . I used indicator values as 
follows, with higher numbers meaning greater wetness:
Reed classification Indicator value
OBL 11
FACW+ 10
FACW 9
FACW- 8
FAC+ 7
FAC 6
FAC- 5
FACU+ 4
FACU 3
FACU- 2
UPL 1
I calculated “weighted level values" separately for 
each level of vegetation:
Tree level:
Basal area sum for each species x species indicator value
Total basal area
26
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Shrub/sapling level:
Height sum for each species x species indicator value
Total of all midpoint values
Herb level:
Percent-cover for each species x species indicator value
Total percent cover
Then I averaged these “weighted level values” for
whatever levels occurred in the respective site, to arrive
at a vegetation index value for each site.
Hydrology Measurements
The method I used for measuring the hydrology
criterion reflects observations in the 1987 manual (USACOE
1987):
1. Areas with evident characteristics of wetland 
hydrology are those where the presence of water has an 
overriding influence on characteristics of vegetation and 
soils due to anaerobic and reducing conditions, 
respectively;
2. Hydrology is often the least exact of the parameters, 
and indicators of wetland hydrology are sometimes 
difficult to find in the field;
3. Indicators of wetland hydrology may include, but are 
not necessarily limited to: drainage patterns, drift 
lines, sediment deposition, watermarks, stream gage data 
and flood predictions, historic records, visible
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observation of saturated soils, and visual observation of 
inundation; and
4. Visual observation of saturated soils requires digging 
a soil pit and observing water level.
I judged that the latter method, using open bore 
holes, would serve for sites with shallow water levels 
sustained for only a short time; for sites with more 
sustained shallow levels I felt that the degree of 
precision required of a truly analytical approach called 
for definitive readings over the longest practicable 
period of time, using the Hudnall and Wilding (1992) 
method. Accordingly, for all the eleven sites where I 
could observe shallow water levels sustained for more than 
four hours, I determined such levels by means of 
piezometers; I used open boreholes for the other nine 
sites. I made the piezometers of 2.5 or 4-cm PVC pipe 
formed into well-points by cutting part-circumferential 
hacksaw slits in parallel through the wall at 1-cm 
intervals within 3 cm of one end. I glued filter material 
(Geofabric) over the slits and over that end of the pipe 
so as to admit only clear water (Hudnall and Wilding 1992 
p. 137). Each pipe was lowered, treated end first, into a 
vertical hole bored into the ground with a 5-cm earth 
auger; sand was placed at the bottom so as to provide 
additional filtering. The annular space around the pipe
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at ground level and immediately above the slits was sealed 
with 5 cm of well-sealing material (Bentonite) so as to 
prevent leakage of extraneous water from either the 
surface of the ground or from the earth's interior above 
the slits in the pipe. The upper end of each pipe, 
projecting to convenient height for measuring purposes 
(Figure 3), had a removable PVC cap that permitted 
lowering a staff down the interior of the pipe to measure 
the depth to water for periodic wetness determinations. I 
began these readings at Sites 1 - 5  and 7 - 10 in the fall 
of 1994; I established Site 6 in the following spring, and 
the ten remaining sites in early 1996,
I tabulated the results, using negative numbers for 
convenience in plotting, (Tables C4-C14) and plotted water 
level against time (Figures C11-C21), with readings taken 
at intervals generally not longer than two weeks 
throughout the growing season.
Taking advantage of the unusually dry season of 1997 
following the unusually wet season of the immediately 
preceding year, I averaged for those two years the number 
of days for which water level remained within 30 cm of the 
surface of the ground (NRCS 1995a), thus arriving at an 
hydrology index for each of 11 sites. At Sites 11-13 and 
15-20 the water level never reached measurable values for 
more than two or three hours during the growing seasons.
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(not to scale)
30
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Computation of Indices 
Because each of the 3 index values was measured in 
terms of a different scale, that is, from zero to 4.17 for 
soil, from l to 11 for vegetation and in terms of some 100 
days for hydrology, it remained to arrive at comparable 
ranges for observations of each of the 3 criteria. This I 
did by adjusting the values of all three characteristics 
to a common range; I assigned a common number (100 for 
each individual criterion evaluated separately) to each of 
the three characteristics, and adjusted the span of each 
“weighted value" to that common number. For example, 
because of the soil-color index range in value from zero 
to 4.17, I multiplied each of its respective values, site 
by site, by 100/4.17 = 23.98. This method, after changing 
hydrology values to negative numbers for convenience in 
plotting, produced comparable ranges for each of the 3 
criteria, all with values ascending with increase in 
relative wetness of the respective site (Table 1, Figures
4-6). Then I combined the three values for each site 
(Table 2) and plotted the results (Figure 7).
Correlation of Indices 
I performed an analysis of rank correlation (Snedecor 
and Cochran 1980) on the basis of each of the three data 
sets, that is, one value for soil, one value for 
vegetation, and one value for hydrology at each of the 20
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sites. I assigned to each of the sites a ranking number in 
sequence starting at 20, in descending order corresponding 
to decreasing indication of wetness for the respective 
criterion at each site. When several values were equal, I 
assigned to each the mean of the relevant rank number.
Thus I arrived at three sets of 20 rankings each, one set 
each for soil, vegetation, and hydrology (Table 3). I 
plotted each pair of site rankings (Figures 8-10) and 
calculated rank correlation for each pair as well as 
probability of arriving at such rank correlation values on 
a random basis (Snedecor and Cochran 1980, SAS 1990).
For comparison purposes I calculated correlation 
coefficients (Snedecor and Cochran 1980) based directly 
upon criterion values rather than upon the rankings which 
the values imparted to the sites.
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RESULTS AND DISCUSSION 
Adjusted Analytical Values 
Soil, vegetation, and hydrology values of study sites 
were adjusted to a common scale, and arranged in sequence 
of increasing wetness {Table 1).
Soil criterion adjusted values were based on color 
(Evans and Franzmeier 1988) and ranged from zero to 100 
(x=35.1, SD=27.7; Table l. Figure 4). Nine sites had 
adjusted soil values less than 30. The 11 sites with 
adjusted values of 30 or greater were in swamp or 
brookside areas.
Vegetation criterion adjusted values were based on 
degree of prevalence in wetland habitat (Reed 1988) and 
ranged from 27.8 to 100 (3c=60.5, SD=28.5; Table 1, Figure 
5). Sites occurred in two distinct groups based on 
adjusted vegetation values. Nine sites had values less 
than the mean and ranged from 27.8 to 38.6; 11 sites had 
values greater than the mean and ranged from 65.3 to 100.
Hydrology criterion adjusted values were based on 
relative duration of time with water level more than 30 cm 
below ground level (NRCS 1995a), and ranged from zero to 
100 (x=43.6, SD=41.8; Table 1, Figure 6, and Tables C4-
C14 and Figures C11-C21). Field data are in terms of 
negative numbers for convenience in plotting them on the 
charts.
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Table 1. Arrangement of study sites from lowest 
wetness to greatest wetness for adjusted soil, 
vegetation, and hydrology values at Oriole Hill 
Tree Farm, Dutchess County, New York.
Site Soil adj. Site Veg. adj. Site Hyd. adj.
12 0.0 13 27.8 11 0.0
20 4.1 20 28.2 12 0.0
16 4.1 19 28.3 13 0.0
11 4.1 17 29.3 15 0.0
13 10.1 12 30.6 16 0.0
18 12.2 16 31.9 17 0.0
15 18.0 18 32.8 18 0.0
19 28.1 15 34.1 19 0.0
10 28.1 11 38.6 20 0.0
7 30.0 5 65.3 7 63.8
3 30.5 3 68.4 14 64.1
4 31.7 7 75.6 10 65.1
17 40.0 8 79.4 6 76.5
14 42.9 14 80.8 8 78.4
9 49.4 2 85.6 3 79.4
8 52.0 9 88.0 5 81.6
2 68.2 6 90.9 2 83.2
5 71.7 4 94.8 9 88.4
6 76.0 10 99.0 1 91.4
1 100.0 1 100.0 4 100.0
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Figure 4. Relative values of soil criterion in sequence of increasing
wetness at 20 sites on Oriole Hill Tree Farm, Dutchess County, New York.
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Figure 5. Relative values of vegetation criterion in sequence of
increasing wetness at 20 sites on Oriole Hill Tree Farm, Dutchess County,
New York.
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Figure 6. Relative values of hydrology criterion in sequence of
increasing wetness at 20 sites on Oriole Hill Tree Farm, Dutchess County,
New York.
The sites also occurred in two distinct groups based on 
adjusted hydrology values. Nine sites had values of zero, 
and five of these were at higher elevations (Sites 11, 12, 
13, 15, and 16) and four were on slopes (Sites 17, 18, 19, 
and 20). Eleven sites had values greater than the mean 
and ranged from 63.8-100. The nine sites with adjusted 
hydrology values of zero were the same sites with adjusted 
vegetation values less than the mean. Eight of the sites 
with lowest vegetation and hydrology values were also 
among the nine sites with lowest adjusted adjusted soil 
values. Site 17 was the only site with adjusted 
vegetation and hydrology values less than the mean and an 
adjusted soil value greater than the mean.
The averages of adjusted soil, vegetation, and 
hydrology values indicate that the sites can be placed in 
two distinct groups. Averages of the adjusted values at 
each site ranged from 10.2-97.1 (x=45.9, SD=30.5; Table 2, 
Figure 7). Nine sites had values less than the mean that 
ranged from 10.2-23.1. This group included Site 17.
Eleven sites had values greater than the mean, ranging 
56.5-97.1.
Relative wetness values of study sites were ranked 
for each of the three criteria and were plotted, pair by 
pair (Table 3, Figures 8-10). Rank correlations (Snedecor 
and Cochran 1980) are;
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Table 2. Average of adjusted soil, 
vegetation, and hydrology values at Sites 1-20 
at Oriole Hill Tree Farm, Dutchess County, New York.
Soil Vegetation Hydrology Average USACOE*
0.0 30.6 0.0 10.2 n
4.1 28.2 0.0 10.8 n
4.1 31.9 0.0 12.0 n
10.1 27.8 0.0 12.6 n
4.1 38.6 0.0 14.2 n
12.2 32.8 0.0 15.0 n
18.0 34.1 0.0 17.4 n
28.1 28.3 0.0 18.8 n
40.0 29.3 0.0 23.1 n
30.0 75.6 63.8 56.5 w
30.5 68.4 79.4 59.4 w
42.9 80.8 64.1 62.6 w
28.1 99.0 65.1 64.1 w
52.0 79.4 78.4 69.9 w
71.7 65.3 81.6 72.9 w
49.4 88.0 88.4 75.3 w
31.7 94.8 100.0 75.5 w
68.2 85.6 83.2 79.0 w
76.0 90.9 76.5 81.1 w
100.0 100.0 91.4 97.1 w
*Candidate classification according to USACOE (1987): 
w=wetland n=non-wetland.
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Figure 7. Comparison of relative values of wetness criteria in sequence
of increasing wetness at 20 sites on Oriole Hill Tree Farm, Dutchess
County, New York.
Table 3. Relative wetness ranking of study sites 
based on soil, vegetation, and hydrology values 
at Oriole Hill Tree Farm, Dutchess County, New York,
Rank
Site Soil Veg. Hyd.
1 20 20 19
2 17 15 17
3 11 11 15
4 12 18 20
5 18 10 16
6 19 17 13
7 10 12 10
8 16 13 14
9 15 16 18
10 8.5 19 12
11 3 9 5
12 1 5 5
13 5 1 5
14 14 14 11
15 7 8 5
16 3 6 5
17 13 4 5
18 6 7 5
19 8.5 2.5 5
20 3 2.5 5
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Figure 8. Comparative ranking by site for vegetation criterion and soil 
criterion at Oriole Hill Tree Farm, Dutchess County, New York.
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VEGETATION CRITERION
Figure 9. Comparative ranking by site for hydrology criterion and
vegetation criterion at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure 10. Comparative ranking by site for soil criterion and hydrology 
criterion at Oriole Hill Tree Farm, Dutchess County, New York.
soil and vegetation 0.68;
vegetation and hydrology 0.84; and
soil and hydrology 0.79.
Probability of achieving such values by random chance 
is less than one in one thousand (SAS 1990), indicating a 
strong positive relationship among the three criteria 
throughout the 20 sites and demonstrating feasibility of a 
gradable wetland classification system, first objective of 
this study.
Site Grouping 
To test the second objective, application of the 
gradable system on an operating tree farm, sites were 
grouped based on the analytical approach (Figures 4-7).
Based upon the soil criterion only (Figure 4) natural 
groupings of sites suggest the following:
the 7 driest sites (Sites 12, 20, 16, 11, 13, 18, and 
15) ;
the 5 next driest sites (Sites 19, 10, 7, 3, and 4);
the 4 next sites (Sites 17, 14, 9, and 8);
the 3 next sites (Sites 2, 5, and 6); and
the single and wettest site 1.
Based upon the vegetation criterion only (Figure 5), 
natural groupings suggest the following:
the 9 sites (the same as the first 7 above, plus Sites
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17 and 19;
the next 5 sites (Sites 5, 3, 1, 8 and 14); 
the 3 sites (Sites 2, 9, and 6); and 
the remaining 3 (Sites 4, 10, and 1).
The hydrology criterion only (Figure 6) clearly 
groups the first 9 sites identified above by their 
vegetation characteristic, as well as these additional 
groups :
the 3 sites 7, 14, and 10;
the next 5 sites (Sites 6, 8, 3, 5, and 2); and 
the remaining sites 9, 1, and 4.
For convenient reference, the values of all 3 
criteria, site by site, are presented together in Figure 
7. Grouping is facilitated by examination of the contour 
map (Figure 2), and by recognition of the fact that, with 
the exception of Sites 10 and 14, all 11 sites designated 
by double digits are at relatively higher and drier 
locations.
Each site was appraised as candidate wetland or non­
wetland based on the methodology presented in the 1987 
manual (USACOE 1987). Results of the observations based 
upon my analytical procedure were compared with the 
foregoing appraisal using the 1987 manual (Table 2). This 
comparison listed all the sites with average relative 
wetness values greater than 30 as candidate wetlands.
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Minimum values must also be met for a site to be 
considered as a wetland; the analytical procedure 
indicated the following minima for each criterion: soil 
(30), vegetation (60), and hydrology (14). Sites 
appraised as candidate wetlands in accordance with the 
1987 manual were Sites 1-10 and 14.
Nine sites are readily identified in the foregoing 
column charts as the 9 driest from the standpoint of 
vegetation, hydrology, and from the 3 criteria considered 
together. Seven of these 9 sites, the exceptions being 
Sites 17 and 19, appear driest also from the standpoint of 
soil color, suggesting that only these 2 sites are wetter.
The terrain suggests explanation for the two 
exceptions; these sites, lying in a fold or saddle between 
ends of adjoining ridges, have for years been wet in late 
winter and early spring before the start of the growing 
season. Thereafter, I have found water in their auger 
holes only 2 or 3 hours following heavy rains; it appears 
that underground seepage accounts for the wet soil in very 
early spring and that cumulative wetness effect has 
resulted in the darker soil colors. Such seepage was 
described in North Dakota prairie-potholes by Arndt and 
Richardson (1989), as “throughflow." It seems that such 
areas receive water from as well as discharge water to the 
groundwater system.
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Springtime wetness delayed establishment at these 
sites in the 1980's of even the moisture-loving white 
spruce (Picea glauca); years of manipulation with a 
weedeater have resulted in vigorous saplings and an 
overall vegetation characteristic compatible with that of 
the neighboring sites not subject to such throughflow.
All 9 sites support very nearly the same vegetation; 
none of the 9 collect water in their auger holes except as 
mentioned above. It seems clear that the analytical 
system has properly grouped the 9 sites generally together 
while making the two exceptions from the soil standpoint.
The next wettest-appearing group from the standpoint 
of summed criteria is comprised of Sites 7, 3, 14 and 10. 
The latter two, presenting interesting contrasts, call for 
individual analysis; individual criteria for Sites 7 and 3 
are nearly equal in spite of their different topography. 
Site 7 is at the edge of a vernal pool whereas Site 3 is 
at the edge of the seasonally running stream immediately 
after it has emerged from the large red maple swamp. Thus 
the two sites appear subject to essentially similar 
flooding conditions - generally springtime only, and the 
resulting soil coloring and vegetation may be expected to 
be similar.
Site 14 is distinct in that up to perhaps the middle 
of this century it was evidently the extreme eastern part
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of the relatively small red maple swamp adjoining Oriole 
Mills Road. Then, some years prior to 1962 to my personal 
observation, it was isolated by construction of a causeway 
to its west. Under the causeway was installed a culvert 
which drains off to the lower area shown between Sites 13 
and 4 in Figure 2. Thus it seems that Site 14 has 
inherited its gray Sun soil from its swamp heritage but, 
isolated as it now is from the main swamp, now lacks the 
hydrological regime to match. Site 10, on the other hand, 
with essentially the same water regime, has a highly 
individual vegetation characteristic, second only to that 
of Site 1 as indication of wetness.
This high value is caused by the complete dominance 
of canary-reed grass, Phalarls arundinacea, which carries 
a Reed (1988) classification of FACW+ and which has 
dominated the area for more than 35 years in my personal 
experience. It seems possible that other less wetland- 
inclined species might have become established were it not 
for this unusually vigorous species which continues to 
dominate the area, in similar fashion to the experience 
which Niering and Egler (1955) and Niering et al. (1986) 
reported with Viburnum lentago in nearby Connecticut.
Of the remaining seven. Sites l and 2, 4-6, 8, and 9, 
two of these. Sites 1 and 4, are unique and are reserved
49
Reproduced with permission of the copyright owner Further reproduction prohibited without permission.
for review below. The other 5 sites, approximately the 
same in apparent total wetness, are divided between swamp 
and streamside locations.
Site 2 is well inside the widest part of the large 
red maple swamp near its upstream end; Site 8 is near the 
northern side of the much smaller red maple swamp 
downstream and to the east of the stream. With 
essentially the same vegetation and apparent hydrology 
values, it may be expected that because of its location 
near the seasonal head of the main stream. Site 2 would 
historically be subject to longer periods of inundation, 
accounting for its somewhat darker soil color.
Sites 5, 6 and 9 are all streamside, the two former 
being upstream at the point where the main stream receives 
a highly seasonal tributary from the southeast, and the 
latter being close to the property line at Oriole Mills 
Road after the main stream has started to flow into an 
area with higher banks and where the greater elevation of 
the sampling area above the stream could account for its 
comparatively brighter soil.
Whereas Sites 5 and 6 are almost directly across the 
stream from one another, there is at Site 5 a prevalence 
of Tartarian honeysuckle (Lonicera tatarica) which carries 
a Reed (1988) classification FACU (facultative upland).
In fact, that shrub is to be found prevalently at well
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nigh all locations at this tree farm, suggesting a FAC 
(facultative) classification. Were this to be the case, 
the vegetation value for this Site 5 would more nearly 
approach that of its neighbors across and down the brook, 
reducing still further the presently minor differences in 
the evaluations given individually to these 3 streamside 
sites.
Site I is distinct in that, of all the sites 
examined, it is the only one with muck soil, which appears 
to be the result of nearly continuous saturation for ages. 
Fisher et al. (1996) classify such areas as “forested 
sapric peatlands" which, once drained and cleared of 
natural vegetation, produce moist-soil, high-cash crops 
such as lettuce and onions. Then, left to themselves, 
they revert to forested wetlands, in which state I plan to 
leave the Site 1 area.
Site 4 is on the edge of a glacier-formed “kettle"; 
it presents interesting similarity and interesting 
contrast with the characteristics of Sites 17 and 19. 
Similarity exists to the extent that all three sites are 
subject to groundwater; there is sharp contrast in that 17 
and 19 are subject to outflow on the surface of a 
comparatively long slope, whereas the water appears to 
reach Site 4 by wick action from beneath, and the soil at 
Site 4 exhibits higher chroma (is brighter, rather than
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darker) than the vegetation would suggest. Seelig and 
Richardson (1994) found marked contrasts in their studies 
of water and salt movement - “focused water flow" - around 
the North Dakota potholes, as had Steinwald and Richardson 
(1989).
Richardson et al. (1995) described four kinds of 
water movement to dominate soil development: 1) recharge 
or water movement to the water table; 2) flowthrough or 
lateral groundwater movement; 3) discharge or movement 
from the water table either to or near the soil surface; 
and 4) stagnation or slow water movement creating water 
mounds. It appears that the situation at Sites 17 and 19 
falls into the second class, and that at Site 4, into the 
third class.
In any event, it appears that soil conditions at all 
three Sites 4, 17 and 19 are associated with underground 
water flow which would not have become apparent to the 
layman without application of the analytical approach, 
subject of this study.
The foregoing observations as to characteristics of 
individual sites are exactly what I hoped to facilitate by 
means of applying this analytical approach to actual tree- 
farm conditions. This represents fulfillment of my second 
objective.
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SUMMARY AND CONCLUSIONS
In March of 1995 there took place in Minneapolis a
wetland conference involving participation by the US Fish
and Wildlife Service, the National Biological Service,
the National Resources Conservation Service, the US Army
Corps of Engineers, Morton Arboretum, three universities,
one state government, and three consultants representative
of thousands of other wetland practicioners. The stated
purpose of the conference was to achieve (Svobcda 1995)
“better comprehension of the technical underpinnings of
wetland delineation technology" in view of the evolving
law of the land as reported in the opening presentation:
In 1987, the US Army Corps of Engineers issued a 
procedural manual that described wetlands . . .
In 1989, after consultation and discussions took 
place between the Corps and three other agencies 
(SCS, ERA, and USFWS) , a new “unified" manual was 
issued. This manual was to be used by the four 
agencies to standardize the wetland “definition" 
process. . . This manual was determined by some 
to be overly expansive in its definition of 
“wetlands" and Congress required that the COE 
return to the use of the 1987 delineation manual.
. . To further muddy the wetland delineation 
waters. Congress ordered the appointment of a 
special blue ribbon committee of academics, 
consultants and affected stakeholders to evaluate 
the 1989 wetland delineation manual. . . The 
results of this study, originally scheduled to be 
released last September, have been delayed and are 
now expected to be made public within a month or 
two of this conference.
The Svoboda statement was issued more than three years
ago. The results of the “blue ribbon" study to which he
referred have yet to be made public.
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The analytical approach, subject of this paper, will 
have fulfilled its purpose if it can provide insight into 
the principles of wetland delineation, and thus assist 
“comprehension of its underpinnings."
The benefit which this analytical approach offers 
to the landowner is that:
1. He may make his own analysis at his own convenience and
for his own information;
2. By doing so he will learn more about his own property 
and how best to manage each area, with respect, for example, 
to the best crop for each site; and
3. He can use this information most judiciously and most 
effectively in the event of question as to impending or 
actual delineations by the constituted authorities. That 
is, the information so gained can help to facilitate mutual 
appraisal, and minimize probability of questionable 
government decision to his disadvantage.
Thus the landowner can to a large extent exercise his 
own discretion as to how he goes about his work; for
example, it would not be necessary for him to use so many
piezometers as I chose to use; generally a single 
piezometer or open bore hole should suffice. The total 
time required for hydrology studies could be substantially 
shortened by taking readings for one season only and 
comparing the results with historic rainfall pattern over 
a period of years to see how closely the selected study
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season compares with what might be considered a normal 
season. For example, I had more than three years of 
available hydrological data for many of my sites; I chose 
to average the most recent two growing seasons, one of 
which was wetter than usual and the other, drier than 
usual. Official weather station records (lES 1997) show 
that the average annual January through October 
precipitation for the three years was nearly 2 cm (9.64 
vs. 7.85 cm) greater than for the two years which I used, 
compared with the normal 85.5 cm.
With respect to the vegetation criterion, an observer 
might choose to estimate his values on the basis only of 
counting the numbers of the most dominant species, rather 
than weighting them by their respective prevalence. Also, 
he might be concerned by differences in the values arrived 
at for the different levels. To help evaluate such 
differences I examined individual layer values by site 
(Vegetation Calculations, Appendix B). At Site 5 tree 
and shrub/sapling values are 5.3 and 5.0 respectively, 
compared with that of 9.6 for the herb layer; the three 
layers are heavily influenced by Fagus graiidifolia, 
Lonlcera tatarica, and Symplocarpus foetidus respectively. 
However, the Fagus grandifolia is not truly representative 
of the species in that area, and in consideration of the 
prevalence of Lonicera tatarica at all elevations of the
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tree farm it might more properly be assigned an indicator 
value more appropriate in this locality than is the Reed 
(1988) FACU designation. Removal of the Fagus grandifolia 
from the calculation, and empirical substitution of a 
facultative (FAC) value for Lonicera tatarica results in 
tree and sapling/shrub values of 6.9 and 6.7 respectively, 
with no change in the herb layer value of 9.6.
The fact that this modification results in nearly 
equal values for these two higher layers, and that both 
now more nearly approach the herb layer value prompted me 
to analyse the figures for vegetation at other sites which 
show relatively large differences between values at 
different layers. These difference appeared mainly 
associated not only with Lonicera tatarica, but also with 
Acer rubrum at a Reed (1988) classification of FACW+. So 
I assigned empirically a FAC classification to both, 
reflecting my evaluation of their prevalence at various 
sites. Results of doing so with other representative
sites are. in tree. shrub/sapling. and herb sequence :
Site Oriainal values EeoalGMlated values
2 9.8 6.9 9.3 5.9 6.1 9.3
3 9.4 5.3 6.0 8.2 7.2 6.0
6 9.4 7.6 10.5 7.8 8.1 10.5
7 9.3 5.7 7.9 7.2 6.6 7.9
8 10.0 5.3 8.8 6.0 6.9 8.8
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9 10.0 6.4 10.2 6.0 6.4 10.2
11 6.1 3.0 2.6 4.3 3.0 2.6
The mean difference between tree and shrub/sapling 
values at these seven sites has shrunk by more than 80% 
(0.67 compared with 3.40); there remains considerable 
difference between these and the herb layer. This fact 
suggests that growth in the herb layer could be relatively 
more influenced by recent heavier rainfall as noted above, 
with the result that the values for that layer suggest 
wetter conditions than do the values for the higher levels 
of vegetation. There is an alternative of giving greater 
weight to the herb layer observations; such a change 
would call for réévaluation of relative plot areas for the 
related levels, which presently are 1.6 m' for herbs 
compared with 28 m^ for sapling/shrubs and 255 m^ for 
trees.
Whereas Snedecor and Cochran (1980) suggest that rank 
correlation is the best known procedure when distribution 
of its variables is other than normal, I nevertheless 
performed in addition a calculation of correlation 
coefficients (based on actual criterion values). For 
soil/vegetation, vegetation/hydrology, and soil/hydrology 
relationships the latter method results in values of 0.79, 
0.95, and 0.75 respectively. These compare with 0.68,
0.84, and 0.79 resulting from rank correlation.
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Both sets of values are well within the 0.1 percent 
probability limit (SAS 1990), and I believe that an 
interested landowner may feel confident in the 
appropriateness of this analytical approach. In the event 
of need, it can place him in an informed position to 
review possible anomalies with regulatory authorities, 
possibly helping to minimize the number of occasions when 
wetland delineation is “fraught with inconsistency, chaos, 
and uncertainty." (Dennison and Berry 1993) .
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APPENDIX A. SOIL OBSERVATIONS
Soil Color Calculations
I measured soil color at each site by the Evans and
Franzneier (1988) method for Cj. This is based upon
chroma only, with all “N" (gley) colors equated to zero.
Chroma is weighted on the basis of the thickness of the
respective horizons measured. Mottles are weighted as
follows :
few (0-2%) 0.01;
common (2-20%) 0.11; and 
many (>20%) 0.35.
Individual site calculations follow, each preceded by 
the thickness in cm of the horizon in which the 
respective colors were observed.
Depth fern) Munsell code Horizon weight
Site 1 0 - 3 0 N 2.5/ 0
Site 2 0 - 2 3 7.5YR 2.5/1 23
23 - 30 lOYR 3/2 § .95 13.3
II 2.5Y 6/8 @ .05 2.8
Cl = 39/30 =: 1.3
Site 3 0 - 2 5 7.5YR 4/3 75
25 - 30 5 YR 3/3 @ .8 12
N5 & N7 e .2 0
Cl = 87/30 = 2.9
Site 4 0 - 8 10YR 3/2 16
8 - 2 5 2.5Y 6/4 § .8 54
It 5Y 4/2 & 5/4 § .2 13.6
25 - 30 N 6/1 0
2.5 Y 4/2 & 5/4 § .2 3
Cl = 86.6/30 = 2.9
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ails 
site 5
Depth (cm)
0 - 2 5  
25 - 30
Mungell code Horizon weight
Site 6
Site 7
Site 8
Site 9
0 - 3 0
0 - 2 8  
28 - 30
0 - 3 0
0 - 1 0  
10 - 30
Site 10
Site 11
site 12
Site 13
0 - 2 5  
25 - 30
0 - 3
3 - 2 0  
20 - 25 
25 - 30
0 - 2 0  
20 - 28 
28 - 30
0 - 2 3  
23 - 30
2.5 YR 4/1
7.5 YR 6/2@ .95 
5/3@ .05
25
9.5
0.75
Cl = 35.25/30 = 1.2 
7.5 YR 4/1 30
Cl = 30/30 = 1
lOYR 6/3 
5/2
84
4
Cl = 88/30 = 2.9 
7.5 YR 3/2 60
Cl = 60/30 = 2
10 YR 3/2 
10 YR 2/2 § .92 
10 R 4/4 @ .08
20
36.8
6.4
Cl = 63.2/30 = 2.1
2.5 Y 4/3 
10 YR 4/3
75
15
Cl = 90/30 = 3
5 YR 4/1 
6/4 
6/6 
6/4
10 YR 4/4 
5/4 
5/6
10 YR 4/3 
5/6
3
68
30
20
Cl = 121/30 = 4
80 
32 
12
Cl = 124/30 = 4
69 
42
Cl = 111/30 = 3.7
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S±tfi D-epth-(gm) Munsell code Horizon weight
Site 14 0 -• 25 2.5 Y 3/2 @ .98 49
7.5 YR 4/6 § . 01 1.5
2.5 Y 6/2 § .01 .5
25 - 30 6/2 § .30 3
10 YR 5/6 § .35 10.5
2.5 Y 5/4 @ .35 7
Cl = 71.5/30 = 2.4
Site 15 0 - 18 10 YR 3/3 54
18 - 30 4/4 48
Cl = 102/30 3.4
Site 16 0 - 20 10 YR 3/3 60
20 - 30 5/6 60
Cl = 120/30 4
Site 17 0 - 15 10 YR 4/2 30
15 - 23 2.5 Y 4/2 16
23 - 30 5/4 28
Cl = 74/30 = 2.5
Site 18 0 - 10 7.5 Y 4/3 30
10 - 30 YR 3/4 80
Cl = 110/30 =: 3.7
Site 19 0 - 8 5 YR 4/2 16
8 - 15 7.5 YR4/2 14
15 - 30 10 YR 5/4 60
Cl = 90/30 = 3
Site 20 0 - 15 2.5 YR 4/2 30
15 •- 30 7.5 YR 5/6 90
Cl = 120/30 = 4
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APPENDIX B. VEGETATION OBSERVATIONS 
Vegetation Taxonomy 
Taxonomy, unless otherwise indicated, is selected 
from McVaugh (1958) to the extent applicable. Not all 
species in this list appeared in my study plots; they all 
are, however, sufficiently close to suggest the 
desirability of including them here.
Wetland indicator values are according to Reed (1988) 
to the extent of its scope. The following five species 
are beyond that scope; so I assigned values on the basis 
of my own observations of similar areas and species: 
Chrysanthemum leucanthemum L. ox-eye daisy FACU-
Circae alpina L. enchanter's nightshade FACW
Daucus carota L. Queen Anne's lace FACU
Pinus sylvestris L. Scotch pine FACU
Pseudotsuga menziesii (Mirb.) Franco FACU-
Those that follow, arranged in sequence by grasses, 
herbs, shrubs, vines, and trees, are within the Reed 
scope:
Grasses
Anthoxanthemum odoratum L. sweet vernal grass FACU 
Carex vulpinoidea Michaux, fox sedge OBL
Dactylis glomerata L. orchard grass FACU
Juncos nodosus L. rush OBL
Phleum pratense L. timothy FACU
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Phalaris arundinacea L. reed canary grass FACW+
Scirpus cyperinus (L.) Kunth. woolgrass FACW+
Typha latifolia L. cat-tail OBL
Herbs
Alisma subcordatum Raf. water-parsnip OBL
Arisaema triphyllum (L.) Schott
Jack-in-the-pulpit FACW-
Asclepias exaltata L. poke milkweed FACU
Athyrium filix-femina (Michaux) Gray lady-fer FAC
Bidens frondosa L. beggar-ticks FAC
Boehmeria cylindrica (L.) Sw. false nettle FACU+
Conioselinum chinense (L.) BSP hemlock parsley FACW
Erigeron annuus (L.) Pers. daisy fleabane FACU
Eupatorium rugosum Houtt. white snakeroot
(Ageratina altissima Reed) FACU-
Galium aparine L. bedstraw FACU
G. mo H u g o  L. bedstraw FACW
G. triflorum Michx. bedstraw FACU
Geranium maculatum L. wild geranium FACU
Glechoma hederacea Gray ground ivy
Gill-over-the-ground FACU
Hackelia virginiana (L.) Johnst. beggar's lice FACU
Leonurus cardiaca L. motherwort FACU
Lythrum salicaria L. purple loosestrife FACU+
Mentha arvensis L. wild mint FACW
Onoclea sensibilis L. sensitive fern FACW
Osmunda cinnamomea L. cinnamon fern FACW
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Oxalis stricta L. yellow wood sorrel UPL
Parthenocissus quinquefolia (L.) Planch.
Virginia-creeper FACU
Penstemon digitalis Nutt. foxglove,
beard-tongue FAC
Pilea pumila (L.) Gray clearweed FACW
Plantago major L. plantain FACU
Polygonum pensylvanicum L.
Pennsylvania smartweed FACW
Prunella vulgaris L. self-heal FACU+
Rubus idaeus L. blackcap FAC-
Rudbeckia hirta L. black-eyed Susan FACU-
Scutteleria laterifolia L. mad-dog skullcap FACW+
Senecio aureus L. golden ragwort FACW
Solanum dulcamara L. nightshade FAC-
Spiraea latifolia (Ait.) Borkh. meadow-sweet FAC+
Symplocarpus foetidus (L.) Nutt, skunk-cabbage OBL
Typha latifolia L. cat-tail OBL
Thlapsi arvense L. (field) pennycress FACU-
Trifolium pratense L. red clover UPL
T. repens L. white clover FACU-
Viola papilionacea Pursh. meadow violet FAC
Vines
Celastrus scandens L. bittersweet FACU-
Parthenocissus quinquefolia (L.) Planch.
Virginia-creeper FACU
Toxicodendron radicans (B. & B.) Small, Rydb.
poison ivy FAC
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Vitis labrusca L. wild grape
Shrubs
Alnus serrulata (Ait.) Willd. black alder
Berberis vulgaris L. barberry
Cornus racemosa Lam. gray-stemmed dogwood
Elaeagnus umbellata L. autumn olive
Lindera benzoin (L.) Blume spicebush
Lonicera tatarica L. honeysuckle
Rosa multiflora L. multiflora rose
Rubus ideaus L. blackcap
Salix nigra Marsh, black willow
Zanthoxylum americanum Mill, prickly ash
Trees
Acer rubrum L. red maple
Carya cordiformis (Wang.) K. Koch pignut
C. glabra (Mill.) Sweet hickory
Fagus grandifolia Ehrh. American beech
Fraxinus americana L. white ash
F. pennsylvanica L. green ash
Juglans nigra L. black walnut
Ostrya virginiana (Mill.) K. Koch hornbeam
Picea glauca (Muench.) Voss white spruce
Platanus occidentalis L. sycamore
Prunus serotina Ehrh. black cherry
Ulmus americana L. American elm
FACU
FACW+
FACU
FAC
FACU+
FACW-
FACU
FACU
FAC-
FACW+
FAC
FACW+
FACU+
FACU-
FACU
FACU
FACW
FACU
FACU-
FACU
FACW-
FACU
FACW-
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Vegetation Calculations 
Calculation of vegetation criterion values by site, 
extrapolating from Reed (1988):
Site 1
Trees
Herb
Site 2 
Trees
Sapling/shrub
Herbs
Acer rubrum 5 e 10 cm DBH 
Indicator value = 10.0
Scirpus cyperinus 40 %
Juncos nodosus 30
Alisma subcordatum 10
Impatiensis capensis 10
Polygonum
pensylvanicum 10
Scuttelaria
laterifolia 10
Indicator value = 10.2 
Site vegetation indicator value = 10.1
Acer rubrum 1 @ 10 
1 @ 100 
1 @ 120
Carya cordiformis 1 @ 30
Indicator value = 9.78
Ulmus americana 1 @ 4
Lonicera tatarica 1 @ 4
Zanthoxylum
americanum 1 @ 4
Indicator value = 6.86
Osmunda cinnamomea 80 %
Symplocarpus foetidus 20 
Onoclea sensibilis 20
Indicator value = 9.33
Site 2 vegetation indicator value = 8.65
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site 3 
Trees Acer rubrum 1 e 15
2 @ 20
Sapling/shrubs
Herbs
Fraxinus pennsylvanica
2 @ 10 
3 g 15 
1 g 20
Indicator value = 9.4
Alnus serrulata 1 g 8 
Fraxinus p. 1 g 12
Lindera benzoin 1 g 4 
Lonicera tatarica
10 g 4
Indicator value = 5.3
Athyrium filix-femina 50 %
Geranium maculatum 30
Pilea pumila 30
Indicator value = 6.0
Site 3 vegetation indicator value = 6.9
Site 4
Sapling/shrubs Salix nigra 1 g 6 
1 g 4
Indicator value = 10.0
Herbs Carex vulpinoidea 
Juncos nodosus 
Mentha arvensis 
Penstemon digitalis 
Senecio aureus 
Spiraea latifolia
40
20
20
20
20
20
%
Indicator value = 9.1 
Site 4 vegetation indicator value = 9.6
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Site 5
Trees Fraxinus p . l @ 10
3 e 15
1
Ostrya virginiana
e 20
1 @ 10
1
Fagus grandifolia
§ 20
1 § 35
Indicator
Sapling/shrubs Acer rubrum 1 § 12
Carya glabra 1 § 12
Fraxinus p . 2 § 12
Lindera benzoin 4 
Lonicera tatarica
@ 4
20 @ 4
1 @ 8
= 5.3
Indicator value = 5.0
Herbs Polygonum pensylvanicum 60 %
Symplocarpus foetidus 50
Circae quadrisculata 20
Galium mollugo 20
Arisaema triphyllum 10
Indicator value = 9.6
Site 6
Site 5 vegetation indicator value = 6.6
Trees Acer rubrum 
Fraxinus p.
2 @ 35 
1 § 10
3 @ 20
4 e 25
Indicator value = 9.4
Sapling/shrubs Lindera benzoin 2 @ 12 
4 e 2
Lonicera tatarica 5 @ 2
Indicator value = 7.6
Herbs Symplocarpus foetidus 100 %
Onoclea sensibilis 30
Indicator value = 10.5
Site 6 vegetation indicator value = 9.2
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Site 7
Trees
Sapling/shrubs
Herb
Acer rubrum
Fraxinus p.
Ulmus americana
Acer rubrum 
Ulmus americana 
Cornus foemina 
Lindera benzoin
Lonicera tatarica
2 e 30 
1 @ 35
1 @ 10 
1 § 15 
1 § 20 
1 § 25
1 § 10 
1 § 15 
1 @ 20 
1 § 25
Indicator value = 9.3
1 § 12 
1 § 12
3 § 2 
6 § 2
5 0 2
5 0 6
Indicator value = 5.7
Onoclea sensibilis 80 %
Parthenocissus
cinquefolia 20
Pilea pumila 10
Indicator value = 7.9
Site 7 vegetation indicator value = 7.6
Site 8
Trees Acer rubrum
Fraxinus p.
1 0 15 
1 0 20 
1 0 30 
1 0 75
1 0 10
Indicator value = 10.0
Sapling/shrubs Lindera benzoin 10 0 4
Lonicera tatarica
6 0 8
Indicator value = 5.3
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Herbs
Site 9 
Trees
Onoclea sensibilis 90 %
Symplocarpus foetidus 3 0 
Toxicodendron radicans 3 0
Indicator value = 8-8
Site 8 vegetation indicator value = 8.0
Acer rubrum 1 § 10
Indicator value = 10.0
Sapling/shrubs Cornus racemosa
Lindera benzoin
1 @ 10 
1 § 4
1 § 4
Indicator value = 6.4
Herb
Site 10 
Herbs
Site 11 
Trees
Sapling/shrubs
Symplocarpus foetidus 100 %
Arisaema triphyllum 10
Athyrium filix-foemina 10
Impatiens capensis 10
Pilea pumila 10
Indicator value = 10.2
Site 9 vegetation indicator value = 8.9
Phalaris arundinacea 100 %
Indicator value = 10.0
Site 10 vegetation indicator value = 10.0
Juglans nigra 2 § 15 
Acer rubrum 3 @ 25
Prunus serotina 2 § 20 
Ostrya virginiana
1 e 20
Indicator value =  6.1
Prunus serotina 1 § 12 
Lonicera tatarica
10 § 6 
Indicator value = 3.0
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Herbs Eupatorium rugusom 
Oxalis stricta 
Glechoma hederacea 
Rubus ideaus 
Berberis vulgaris
20 %
20
15
15
10
Site 12 
Trees
Indicator value = 
Site 11 vegetation indicator value
Pinus sylvestris 2 § 25
Indicator value =
2.6 
= 3.9
Sapling/shrubs Juglans nigra 4 § 12
Pinus sylvestris 2 @ 12
Indicator value =
Site 14 
Trees
Herbs
3.0
3.0
Herbs Dactylis glomerata 100 %
Indicator value = 3.0
Site 12 vegetation indicator value = 3
Site 13
Herbs Dactylis glomerata 40 %
Galium aparine 40
Glechoma hederacea 30
Trifolium repens 30
Leonurus cardiaca 15
Indicator value = 
Site 13 vegetation indicator value
2.8 
—  2.8
Platanus
occidentalis 
Ulmus americana
1 e 35
2 ë 25
Indicator value = 8.0
Onoclea sensibilis 90 %
Lythrum salacaria 15
Impatiens capensis 10
Typha latifolia lo
Indicator value = 8.3
Site 14 vegetation indicator value = 8.2
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Site 15 
Trees
Sapling/shrubs 
Herbs
Site 16 
Trees
Herb
Site 17 
Trees
Sapling/shrubs
Juglans nigra 1 @ 25
Indicator value = 3.0
= 4.0
Elaeagnus umbellata
1 @ 8
Indicator value
Phleum pratense 80 %
Galium aparine 40
Parthenocissus
cinquefolia 40
Conioselinum chinense 10 
Glechoma hederacea 10
Indicator value = 3.3
Site 15 vegetation indicator vaqlue = 3.4
Juglans nigra 2 @ 15 
1 § 30
Indicator value = 3.0
60 %Rubus ideaus 
P arthenocissus
cinquefolia 40
Anthroxanthum
odoratum 40
Rosa multiflora 10
Celastrus scandens 10
Indicator value = 3.4
Site 16 vegetation indicator value = 3.2
Prunus serotina 1 § 10 
Fraxinus americana
1 e 10
Indicator value = 3.0
Picea glauca 
Prunus serotina
1 e 12
2 § 12
Indicator value = 3.0
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Herb Galium aparine 60 %
Daucus carota 40
Plantago major 20
Parthenocissus
cinquefolia 20
Rudbeckia hirta 20
Indicator value = 2.9
Site 17 vegetation indicator value = 3 . 0
Site 18
Sapling/shrubs Prunus serotina 1 § 12
Picea glauca 1 § 12
Fraxinus americana
1 § 12
Indicator value = 3.0
Herb Galium aparine 80
Toxicodendron radicans 40 
Plantago major 20
Trifolium pratense 10
Erigeron annuus 10
Indicator value = 3.6
Site 18 vegetation indicator value = 3.3
Site 19
Sapling/shrubs Prunus serotina 1 0  4
2 § 12
Picea glauca 1 § 10
Indicator value = 3.0
Herb Galium aparine 90 %
Trifolium pratense 20
Chrysanthemum
leucanthemum 10
Erigeron annuus 10
Vitis labrusca 10
Indicator value = 2.7
Site 19 vegetation indicator vallue = 2
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site 20
Sapling/shrubs Prunus serotina 1 @ 12
Fraxinus americana
1 e 12
Picea glauca 3 ê 12
Indicator value = 3.0
Herb Galium aparine 80 %
Plantago major 50
Trifolium pratense 30
Daucus carota 2 0
Erigeron annuus 20
Indicator value = 2.7
Site 20 vegetation indicator value = 2.9
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APPENDIX C. HYDROLOGY OBSERVATIONS
Table C4. Piezometer readings in cm from ground level 
for years by days beginning 1 May at Site l at 
Oriole Hill Tree Farm, Dutchess County, New York.
Year
Day 1994 1995 1996 1997
0 0 0 0
18 -3 0 0
27 -3 0 0
34 -3 0 -3
41 -8 0 —5
48 -13 0 -8
55 -18 0 -10
62 -25 0 -10
70 -38 0 -15
77 -48 0 -13
84 -51 0 -18
90 -25 0 -31
95 -31 -3 -43
103 -41 -3 -46
116 —66 -10 -33
123 -74 -10 -38
129 -10 -84 -10 -46
141 -13 -69 -8 -48
150 -10 -66 0 -48
160 -8 -33 -3 —51
169 -5 -31 -3 —64
177 -3 -20 0 -56
183 -8 -15 0 -28
194 —5 -10 0 —5
201 -3 -3 0 -3
208 -3 0 0 0
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Table C5. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 2 at
Oriole Hill Tree Farm, Dutchess County, New York.
Year
Day 1994 1995 1996 1997
1 0 -5 0
18 -8 -3 0
27 -10 -8 -5
34 —15 -8 -8
41 -18 -8 -10
48 -20 -8 -15
55 —41 -13 -18
62 -56 -13 -18
70 -69 -8 -41
77 -75 0 -31
84 -75 -8 -58
90 -28 -3 -64
95 -41 -8 -75
103 -58 -10 -75
116 -75 -20 -61
123 -75 -23 -74
129 -20 -75 -15 -75
141 -18 -75 -15 -75
150 -8 -75 -10 -75
160 -8 -33 -8 -75
169 -8 -41 -8 -75
177 -18 -18 -5 -75
183 -10 -15 —5 -75
184 -10 -15 -3 -15
201 -5 -8 —5 -15
208 -5 -8 -5 0
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Table C6. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 3 at
Oriole Hill Tree Farm, Dutchess County, New York.
Year
Day 1994 1995 1996 1997
1 0 -5 -5
18 -10 0 -5
27 -20 —5 -10
34 -20 0 -15
41 -23 —5 -20
48 —25 -10 -28
55 -71 -13 -30
62 -76 -13 -38
70 -89 -8 -56
77 -89 -13 -41
84 -89 -13 -84
90 -89 -10 -89
95 -74 -13 -89
103 -89 —15 -89
116 -89 -8 -89
123 -89 -25 -89
129 -89 -25 -89
141 -89 -20 -89
150 -89 -13 -89
160 -41 -10 -89
169 -28 -8 -89
177 —5 -20 -8 -89
183 -20 -16 —5 -89
194 -18 -15 -3 -18
201 -18 —5 -15 0
208 -15 -15 -10 0
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Table Cl. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 4 at
Oriole Hill Tree Farm, Dutchess County, New York.
Year
Day 1994 1995 1996 1997
1 0 0 0
18 —5 0 0
27 —5 —5 0
34 -8 0 0
41 -8 -3 0
48 -13 -3 0
55 -18 0 -8
62 -25 0 -10
70 —25 0 -13
77 -30 0 -13
84 -30 0 -18
90 -28 -3 -20
95 —36 -5 -20
103 —3 6 0 -30
116 -51 0 -30
123 -48 0 -30
129 -58 0 -36
141 —5 -56 0 -41
150 -3 —46 0 -43
160 -3 -38 0 -43
169 —5 -38 0 -46
177 —5 -30 0 -41
183 -13 -20 0 -41
194 -8 -20 0 -13
201 -8 —8 0 0
208 -10 0 0 0
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Table C8. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 5 at
Oriole Hill Tree Farm, Dutchess County, New York.
Day 1994 1995 1996 1997
1 0 -5 -8
18 -20 0 -10
27 -23 -10 -15
34 -25 -8 -18
41 -28 -13 -20
48 -30 -18 -23
55 -61 -20 -25
62 -61 -18 -33
70 -89 -10 -46
77 -89 -5 -28
84 -89 -15 -89
90 -89 -13 -89
95 -91 -15 -89
103 -89 -20 -89
116 -89 -10 -89
123 -89 -25 -89
129 -89 -23 -89
141 -89 -18 -89
150 -89 -15 -89
160 -43 -13 -89
169 -15 -25 -8 -89
177 -10 -20 -5 -56
183 -15 -15 -8 -18
194 -13 -15 -5 -5
201 -15 0 -13 0
208 -13 -10 -15 0
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Table C9. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 6 at
Oriole Hill Tree Farm, Dutchess County, New York.
Year
Day 1995 1996 1997
1 0 -3 -3
18 0 0 -3
27 0 -8 -8
34 0 -5 -10
41 —5 -8 -15
48 -28 -10 -25
55 -71 -13 -33
62 -89 — 15 -38
70 -89 -3 -53
77 -89 -3 -41
84 -89 —5 -74
90 -89 —5 -89
95 -89 -10 -89
103 -89 -10 -89
116 -89 -8 -89
123 -89 -28 -89
129 -89 -28 -89
141 -89 -18 -89
150 -89 -10 -89
160 -89 -10 -89
169 -56 -8 -89
177 -38 -3 -89
183 -23 -3 -89
194 -23 -3 -23
201 -8 -3 0
208 -8 -10 0
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Table CIO. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 7 at
Oriole Hill Tree Farm, Dutchess County, New York.
Year
Day 1994 1995 1996 1997
1 0 -5 0
18 -36 0 0
27 -38 0 —5
34 -43 -3 -18
41 -61 -5 —36
48 -87 -15 -56
55 -89 -28 —66
62 -89 -20 -71
70 -89 -8 -89
77 -89 0 -89
84 -89 0 -89
90 -89 0 -89
95 -89 0 -89
103 -89 —15 -89
116 -89 -30 -89
123 -89 —51 -89
129 -89 —64 -89
141 -89 -38 -89
150 -89 -28 -89
160 -89 -30 -89
169 -53 -89 -20 -89
177 -51 -89 -5 -89
183 -23 -53 0 -89
194 -23 -23 0 -89
201 -23 -5 -10 -23
208 -23 -8 -15 0
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Table Cil. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 8 at
Oriole Hill Tree Farm, Dutchess County, New York.
Year
1994 1995 1996 1997
1 0 0 0
18 -3 0 0
27 -10 0 0
34 -20 0 0
41 -28 0 -10
48 -36 -3 -15
55 -61 —5 -25
62 -76 -8 -38
70 -89 -8 -53
77 -89 -3 -53
84 -89 0 -89
90 -89 0 -89
95 -89 -3 -89
103 -89 0 -89
116 -89 -3 -89
123 -89 -23 -89
129 -89 -23 -89
141 -89 -18 -89
150 -89 -13 -89
160 -89 -8 -89
169 -15 -89 -3 -89
177 -28 —66 -3 -89
183 -13 -33 0 -61
194 -8 -23 0 -23
201 -10 -5 0 0
208 -8 —5 0 0
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Table C12. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 9 at
Oriole Hill Tree Farm, Dutchess County, New York.
Year
Day 1994 1995 1996 1997
1 0 0 -3
18 -18 0 —5
27 -18 —5 -5
34 -23 -3 -13
41 -25 —5 -15
48 -25 -10 -20
55 —36 -13 -20
62 -46 -13 -23
70 -53 -10 -28
77 -58 -10 -23
84 -48 -10 -41
90 -36 -10 -43
95 -33 -10 -36
103 —51 -8 -46
116 -58 -8 -23
123 —66 -18 -30
129 -74 -18 —46
141 —51 -15 -53
150 -28 -13 -51
160 -20 -13 -48
169 -20 -20 -15 —66
177 -38 -18 -3 -48
183 -18 -15 -3 -25
194 -18 —15 -3 -10
201 -15 -8 -8 0
208 -15 -15 -8 0
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Table C13. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 10 at
Oriole Hill Tree Farm, Dutchess County, New York.
Year
Day 1994 1995 1996 1997
1 0 0 0
18 -46 0 0
27 -74 0 0
34 -89 0 -5
41 -89 0 -28
48 -89 —5 —66
55 -89 -3 -89
62 -89 -13 -89
70 -89 -8 -89
77 -89 -3 -89
84 -89 —5 -89
90 -89 0 -89
95 -89 0 -89
103 -89 -3 -89
116 -89 -33 -89
123 -89 -71 -89
129 -89 -89 -89
150 -89 —5 -89
160 -89 0 -89
169 -89 0 -89
177 -81 -89 0 -89
183 -86 -71 0 -89
194 -89 —5 0 —66
201 -89 -3 -3 0
208 -81 -3 -5 0
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Table C14. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 14 at
Oriole Hill Tree Farm, Dutchess County, New York.
Year
Day 1996 1997
1 —5 —5
5 0 -5
14 0 -15
22 —5 -10
29 —15 -13
35 -3 -18
46 —15 —3 6
55 -23 -51
66 -20 -61
75 0 —61
84 -13 -69
88 -8 -74
96 -13 -79
102 -18 -89
109 -53 -89
115 -53 -61
116 —25 —66
122 -43 -71
131 -58 -84
137 -25 -89
144 -25 -89
151 -8 -89
159 -33 -89
166 -25 -89
171 -33 -89
179 -15 -61
186 -23 -51
194 -13 -15
201 -33 0
208 -30 0
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Figure Cll. Piezometer readings in cm for years by days 
beginning 1 May at Site 1 at Oriole Hill Tree Farm, Dutchess
County, New York.
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Figure C12. Piezometer readings in cm for years by days beginning 1 May
at Site 2 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure C13. Piezometer readings in cm for years by days beginning 1 May
at Site 3 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure C14. Piezometer readings in cm for years by days beginning 1 May
at Site 4 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure CIS. Piezometer readings in cm for years by days beginning 1 May
at Site 5 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure C16. Piezometer readings for years by days beginning 1 May at Site
6 at Oriole Hill Tree Farm, Dutchess County, New York.
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8■D
( O '
3.3"
CD
CD■D
O
Q.
C
aO3
"D
O
CD
Q.
■D
CD
(/)(/)
VO
 1994
 1995
— - — - 1996 
1997
T— T- f\( C\j
DAYS ELAPSED AFTER 1 MAY
Figure C17. Piezometer readings in cm for years by days beginning 1 May
at Site 7 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure CIS. Piezometer readings in cm for years by days beginning 1 May
at Site 8 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure C19. Piezometer readings in cm for years by days beginning 1 May
at Site 9 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure C20. Piezometer readings in cm for years by days beginning 1 May
at Site 10 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure C21. Piezometer readings for years by days beginning 1 May at Site
14 at Oriole Hill Tree Farm, Dutchess County, New York.
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